Pulsed-field gel electrophoresis typing was performed on a retrospective set of 129 Moraxella catarrhalis isolates obtained over a 20 month period from 70 children admitted to, or presenting at, the Erasmus University Medical Center, Rotterdam, The Netherlands. The mean age of the children (at the end of the study) was 2·5 years, with a range of 6 months to 15 years. Fifty-one different M. catarrhalis types were isolated from the hospitalized children, with 31 % (22/70) being infected with two particularly prevalent M. catarrhalis types. These two prevalent types also exhibited different protein profiles. The majority (72%; 16/22) of the children infected with these two predominant types had spent at least 1 week on two paediatric intensive care wards. No exacerbation of existing disease or new disease was observed in children who experienced M. catarrhalis type changes.
INTRODUCTION
Moraxella catarrhalis is often found as a commensal bacterium of humans, though the species has also been recognized as a major respiratory pathogen of both children and adults (Verduin et al., 2002) . The organism is most often associated with the respiratory disease states of acute and chronic otitis media (Faden, 1995; Faden et al., 1997) , sinusitis (Finegold et al., 2002) and acute exacerbations of chronic obstructive pulmonary disease (COPD) (Pfaller et al., 2001; Sethi & Murphy, 2001) . In common with several other respiratory pathogens, M. catarrhalis has the ability to adhere to bronchial epithelial cells, facilitate ciliotoxicity and ultimately damage pulmonary epithelia (van Alphen et al., 1995) , all of which add to the pathogenic potential of this species.
Nosocomial pneumonia is the most frequently acquired infection in the intensive care unit (ICU) setting and the second most frequently acquired infection in hospitals overall (Lode et al., 2000) . In ventilated children who contract nosocomial pneumonia, an attributable mortality of 27 % may be observed (rising to 43 % where Pseudomonas or Acinetobacter species are cultured) (Fagon et al., 1993) . Reports of nosocomial infections due to M. catarrhalis have already been published (Cook et al., 1989; Denamur et al., 1989; Kasian et al., 1989; Morgan et al., 1992; Patterson et al., 1988; Richards et al., 1993) , with Ikram et al. (1993) indicating that the average length of stay in hospital is considerably longer for children colonized with M. catarrhalis than for those not colonized and providing evidence that recolonization with different M. catarrhalis types occurs. Recently, it has been observed that the isolation of a new strain of Streptococcus pneumoniae, Haemophilus influenzae or M. catarrhalis is associated with a significantly increased risk of experiencing an exacerbation of COPD in adults .
The aim of this study was to assess M. catarrhalis population diversity/dynamics retrospectively in hospitalized children and to determine whether M. catarrhalis type changes resulted in exacerbation of existing disease within this study population.
METHODS
Study population. M. catarrhalis isolates were collected retrospectively from 70 children admitted to, or presenting at, the Erasmus Medical Center during the study period of July 2000 to March 2002. Sixty-one of these 70 children had been admitted to diverse paediatric wards within the hospital (including neonatology, paediatric intensive care, children's surgery and children's health departments) for various periods of time. Nine children had attended out-patient clinics and had not been admitted to the Erasmus Medical Center between the beginning of the study (July 2000) and the date of isolation of the first positive culture. The children lived in geographically diverse regions within The Netherlands and suffered from unrelated disease states (e.g. tetralogy of Fallot, HIV-positive, Down's syndrome, etc). The mean age of children from which isolates were obtained was 2·5 years, with a range of 0·5 to 15 years.
Abbreviation: PFGE, pulsed-field gel electrophoresis.
M. catarrhalis specimens. A total of 129 retrospectively cultured and stored M. catarrhalis isolates (which had been isolated from routine swabs/swabs taken from children presenting with overt signs of disease over a 20 month study period) were collected ready for typing. During the time period of the study, four or more M. catarrhalis culture positives were available from 10 % (7/70) of the children, with only a single positive culture being available from 76 % (53/70) of the children. M. catarrhalis-positive cultures came from 79 sputa, 38 bronchial aspirates, nine bronchial lavages, one eye swab, one nose swab and one drain tip.
M. catarrhalis typing. Pulsed-field gel electrophoresis (PFGE) was performed as detailed by Verduin et al. (2000) . PFGE patterns were analysed using GelCompar software (Applied Maths) with band tolerance set at 2·5 % after gel lanes had been normalized against a lambda DNA ladder. SDS-PAGE was performed using a discontinuous Laemmli buffer system (4 % stacking gel, 11 % separating gel) and the Mini-PROTEAN 3 Cell electrophoresis kit (Bio-Rad). Eight M. catarrhalis isolates of PFGE type E or M (four from each group) were chosen at random for SDS-PAGE analysis.
Clinical data. Clinical data were collected from patients' clinical records, containing details of existing disease, dates and wards to which children were admitted, dates discharged from hospital, any treatment procedures (e.g. decanulation, extubation), any reports of exacerbation of disease (e.g. increased mucus, fever) and bacterial/viral investigations (e.g. bacterial culture, viral immunofluorescence).
RESULTS AND DISCUSSION

Diversity in M. catarrhalis types
During the 20 month study period (July 2000-March 2002), a total of 51 different types of M. catarrhalis were isolated from 70 children admitted to, or presenting at, the Erasmus Medical Center. Of these 51 types, four (8 %) were isolated from two distinct children each and two 'predominant' types (types E and M) were respectively isolated from 15 (21 %) and nine (13 %) children (Fig. 1 ). Fig. 2 shows the dendrogram generated when these 51 different M. catarrhalis types were compared; multiple isolates of the same type from the same child were removed in order to generate a more accurate view of the diversity of M. catarrhalis types present within the study population. A large number of individual M. catarrhalis PFGE types were observed within the study population of hospitalized children. This large number of types probably reflects the high degree of genetic diversity present within this species, a diversity that appears to be a feature of M. catarrhalis infection and colonization (Faden et al., 1994; Hays et al., 2003; Martinez et al., 1999) and which may present problems for vaccine design. However, despite this diversity, two distinct but closely related clusters of PFGE types (types E and M) could be observed within the dendrogram of isolates. Upon SDS-PAGE analysis of four randomly chosen isolates from groups E and M, it was observed that individual isolates within the E and M clusters also shared similar protein profiles and that these protein profiles differed between the E and M clusters (Fig. 3) . The presence/absence of a protein of approximately 40 kDa was particularly noticeable. The inclusion of PFGE banding patterns obtained from four randomly selected complement-sensitive and complement-resistant isolates (acquired from Verduin et al., 2000) in the dendrogram shown in Fig. 2 indicated no grouping of complement-resistant or -sensitive PFGE banding patterns to one or other of the clusters E/M or to any particular region of the dendrogram (data not shown).
The hospital setting
Examination of M. catarrhalis type data and hospital location indicated that diverse types could be found on all children's wards of the hospital. Moreover, though two dendrogram clusters of PFGE types could be observed, neither of these clusters was found to be 100 % associated with children admitted to any particular ward. However, more-specific analysis showed an association between isolation of the predominant types E and M and admission of children for 1 week or more to two adjacent paediatric intensive care wards (Table 1) . By comparing the numbers of children colonized with type M and admitted to paediatric intensive care wards with those colonized with type M and admitted to other wards, it was found that colonization by type M was associated statistically with the paediatric intensive care wards (2-tailed Fisher's exact test; P ,, 0·01), though colonization of children with type M was not absolutely dependent on a stay of more than 1 week in paediatric intensive care (2-tailed Fisher's exact test; P ¼ 0·067). Of the four other M. catarrhalis types isolated from more than one child (Fig. 1) , type aA was associated with two children admitted to the paediatric intensive care wards (where types E and M were predominant), type bI was isolated from two children who were admitted to the same neonatology ward and types aP and aW were isolated from children with no common link. It is possible that a larger study would indicate that other PFGE types are associated statistically with the paediatric intensive care setting or that colonization of children with the same M. catarrhalis type is not restricted to the paediatric intensive care setting. It should also be noted that there might have been a natural bias towards the isolation of common types within the two paediatric intensive care wards. This results from the larger number of swabs taken regularly from children admitted to these two wards. However, this possible bias does not affect our results regarding the diversity and dynamics of M. catarrhalis types isolated from hospitalized children. We may merely have underestimated the extent of M. catarrhalis dynamic type changes within this environment.
M. catarrhalis type switching
Based on the results shown in Table 1 , a timeline can be Dendrogram showing PFGE patterns of M. catarrhalis isolates obtained from children admitted to or attending a hospital in the Netherlands. PFGE was performed and patterns were analysed as described in Methods. Letters E and M represent isolates with similar PFGE patterns that were subsequently grouped into M. catarrhalis types E and M.
drawn for children admitted to the two paediatric intensive care wards and colonized with types E and M during the course of the study (Fig. 4) . Using this timeline, a dynamic relationship was observed between these two dominant types and an important time period (between February and April 2001), where type switching had occurred. The actual mechanism underlying this type switching is not fully understood, though three mechanisms are possible: (i) changes in the dominant type present within a population of organisms colonizing a single individual lead to isolation of different types from that individual over different time periods, (ii) a new (potentially more virulent) type is introduced into the hospital from the outside community and colonizes hospitalized individuals/health-care workers, e.g. during visiting hours, or (iii) transfer of types occurs within the hospital environment per se, e.g. from child to child or from health-care worker to child. Interestingly, isolates from child p77 showed switching between types E and M within the same month on several occasions (Fig. 4) , possibly indicating that a mixed population of M. catarrhalis types may have colonized this child (repeated cycles of infection, clearance and reinfection with these two types seem unlikely, as the child had an intact immune system). However, with regard to community and hospital spread of types, of 37 M. catarrhalis isolates from children who had not been admitted to the two paediatric intensive care wards where types E and M were predominant, 14 % (5/37) of children were colonized with M. catarrhalis type E, indicating that type E was circulating either within the community or within the whole of the hospital during the time-course of the study. In contrast, type M was only ever isolated from the paediatric intensive care wards, indicating that the spread of this type was probably occurring within these wards themselves. With reference to these data and the timeline of Fig. 4 , it seems likely that child p77 may have been the index case for the spread of type M within these paediatric intensive care wards. Certainly, the previous transmission of viruses from child to child and/or child to health-care worker in a neonatal and paediatric ICU has been documented (Gagneur et al., 2002a, b) .
Changes in M. catarrhalis type and clinical data
Analysis of clinical data showed no obvious new treatment procedures taking place on the paediatric wards during the period of the study, and no other epidemic infectious agents (e.g. Mycoplasma pneumoniae, parainfluenzaviruses, etc.) had been isolated from the wards. Also, no link was found between changes in M. catarrhalis type and isolation in 'pure' culture of M. catarrhalis or changes in M. catarrhalis type and isolation in combination with other bacterial pathogens (e.g. H. influenzae, Pseudomonas aeruginosa, Staphylococcus aureus, etc.). No change in antibiotic-resistance profiles occurred after a change in M. catarrhalis type, with both types E and M being resistant to penicillin and ampicillin but sensitive to augmentin, ceftriaxon and tetracycline. During the 20 months of the study, several other infectious agents were isolated from one or more of the hospitalized children. These infectious agents included, among others, cytomegalovirus, parainfluenzavirus type 3, enterovirus and respiratory syncytial virus. Interestingly, the clinical data showed that child p29 had been diagnosed with pneumonia whilst admitted to one of the paediatric intensive care wards. This (Bakri et al., 2002) . Moreover, a recent study has indicated an association between the isolation of a new strain of a particular bacterial species (including M. catarrhalis) and exacerbation of COPD in adults . However, our own studies of available clinical records indicated no link between the acquisition of a new M. catarrhalis type and subsequent exacerbation of existing disease (or development of new disease) within hospitalized children.
These results indicate that dynamic changes in nosocomial M. catarrhalis populations occur in individual hospitalized children over time and that these changes are set against an already genetically diverse background of M. catarrhalis types. In contrast to recent results, no relationship could be determined between changes in M. catarrhalis type and exacerbation of disease. However, more detailed and rigorously controlled studies would be useful in assessing the exact effect of M. catarrhalis type changes on child morbidity, as well as helping to elucidate the mechanism by which such population changes occur. Asterisks (*) indicate that both PFGE types E and M were isolated during these months. Patient p33 (#) had previously been admitted to paediatric intensive care but, at the time of M. catarrhalis culture, was present on an unrelated child health ward (none of the other children had been admitted to this particular ward).
